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‘The "Molecular Dance":

| Functionally Im'portant Protein Moﬁt:i()n:s' R

DEOXY

He_majlbb"’l

What is the mechanism of correlated atomic displacements?
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Temporal resolution

Progression of time-resolved
electron diffractton

1 s - 0 e

AA. Ischenko ef df.

- g Appl. Phys. B (1983) 32, 161.
10ps - ¢ Q

S, Wiliornson &t o,
Phys. Rev. Lett. (1984) 52, 2364,

Radiut Distribution

—
T
w
|

auciear Dul:n« (A)
JC. thcxmson etal

Chemn. Phys, Lett. (1992} 196, 529,

100 fs

BHG-33 ps; 0)
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e

1 2 3 4 5 6

H. Ihee ef al.
Science (2001) 291, 458.

H(r) (Atoms/A)
BB 5588358

Siwick et al.

Science (2003) 302, 1382,

o

I I

1980 1985 1990

1995

2000

2005



patboach gy o o aee e T T Y (-4 wodlg L VDt IRy

31N

SRR

r/q!ssed nw»%s\%@% 2 . §$x o) *
JUSISYO)) JUSIOYOOU] &

*. |
(SABI-X ¥ G'T) SS9
SoUI 000 [-001 JUIAS

UOT)ORIJIP Surroneoss 1od ojdwes

one 10 [BIUSI0] o ut payisodap ASrouyg .
roqunu - [|3ugl
: _.:80:@ Jo juspuadopur waaotmom Saydjent
- uoneinp asing .Moﬁom SumnjoA padung
@omm@ aobo.iua%m e Eoﬁtomxu QB dqeL,
pa1oy1eds Ayes M . - poIaness AJSuong




xoor shyd P a« F 1o peiseg

‘sniper weoq

GO.S‘ODMO == J mﬁOb\omﬁD Jo .HOQESG Z
‘awn sosmwmmo.& = H Swmﬁ Om_sm = |
o | ‘uorenba y3u9f asynd oy
2w p | 91e1oUL3 0] 931BYD JO YSIP € st jovord

o) Uo1}99[9 JO Euaou\om,&maﬁoa&w -

[OPOIAl PIOL] UBSI
"WIRIOZe 991) INH-soweg €
. - Sursn uorjow Jo suonenbs uonosse-N
N [y S JO uone[MUIIS ?osz:ZA _

_ - mosﬁsﬁﬁm Apog-N EB%EU

. m LEIA @@Ewsmo\é SBM .
_f . ssing f.@:mzv ssm uoId3[2 pojeAndeoloyd
L - e ydnoxy sjexoed uonose
ST w&, mEEwSm@coumwmmoE =10

uo 931eyo-eoeds Jo sousnpyur Sy

ans

- sua
onaubepy




"(9OUSSIDAIP WEAq [BNIUI PRIW C'|

‘wrl 6/ = (0)1 ‘8§ 0T =01 000 0T = N) uoreSedod
sy Surnp (1) sowm 1noj e ospnd ayy Ul SUOI}09[9

[ 10 (7) uonisod [eIXE SA (ZA ) AIIO0]A TRIXY

(ur) @sing ut uopisod-z (un) ssing Ut uosod-7
009 00 00Z O 002 O0Ov 009 002 OSL OOL OS O 0S- 00L- 0Sh- 00Z-
F— 1 N Il . i N 1 N 1 L i PR IR T ) TISPR Il 1 1 00¢-
-oog- A
P - -
00z
r00z- & I
2
FO0L- @ r00L-
z
-0 < -0
@
rool 8 L
g ‘ ool
SUpg = - T =
¢=1 oz g SUl=1 |y
Loe 8
(w) 38Ind U UONSOd-Z oo = (wri) asnd U1 UONISOG-Z L ooe
06 0z 0L 0 0O 0z O 0z ot 0 04- 0z
i 1 i 1 I3 1 i Omw‘ f — 1 1 " i 2 1
Lo\
-oot- i
I Lo
-og- .
Lo
-0 I
[0S F5'0
loo_\ . . T o .o lo.—‘
Lo5L B SR suQ=1 Lol

‘(9sind) wonnqgrysip
a81eypd [eniul oy Jo AS10u0
[enuajod o) 01 paje[al SI
9[BIS-9WIT) [BIIWBUAD YT,
‘dargo

A100[9A TeaUI] B donpoid

01 19y0ed 21} apIsul
: NQINSIPAT SUOI)II[]
W ‘suay3u9y asynd
© 9U] SB SOAJOAD SIIO0[aA
_ Jouonnqrnsip [eneds oy,
W w ) grft=a

: :SU0J)II[D
I JOJ 9AISIdSIp ST wnnoe A



(su) swi [, uonededoid
—_— o

Surdiy)-s1d BIA ﬁﬂwm@um 10) ,@E

Y08 o0
10°]
 (54/A 00€ = duyd ‘suonoa[e 0009) i

(sd) wonean( as[nd



"SIIUN 983y} ur / 6/ A[enyoe st adojaauo

SIU3 Jo ead oy, "97dS SIY} U0 31J 0} G £q PIPIAIP

u09q sey (0 = d2) 9do[oAUD [enIUT OY T, "(SUOIII[ ASY
p'87 10F sd[ = wrl o0 "90USSISAIP WBaq [ENIUI PRI
1w ¢/ = (0)1°ST 0TT =02 ‘000 01 = N) uoneSedoxd
Jo su g Surmp ado[oAus asind [erxe oy Jo SoTwRuA(T

(w) ssind u1 uonisod-z

o

.................

.......

'SU Q'Z = J o
S} 00C ¥ = w ;

‘SUQ' L = } - .
S}006Z =12

T
o
1p]

SRS SR

o

g - 001

L

O -
. O %

<

0

|

si0¢l = w
‘suUQ =1}
(2) uoneing as|nd pue L ocL
(') swiy uonebedoiy

own uonegedoad

UM SOSBOIOUT

as[nd 2t} Jo uoneInp

[eiodway ayj se  paddoy

-1e[J,, 9I0W SAW099q

oryoid uerssnen

[EIIIUT U} 1BY) SAOUS
uonenwIs Apoq-N YT,

(syun Aesiguy) Ajsua( jusing [Bo0T




'sorpmys uonisuen) aseyd pinbiy-prjos usarp-£[3uons oy ul
pasn asoty) ydjew s1sjeweled Weaq UOL09[d 9say ], “K1091])
prey-uesut oy} yo suonorpaid sy; yim Suope pajussaxd are
uorenus Apog-N oY1 Jo s)nsar oyJ "N uo dduspuadap
sit pue swn uonesedoid ‘sa uoremnp asind uonods[g

(su) swi| uonebedo.d
G0 ¥0 €0 ZO Lo 00
| | A
: -00€ m
ooy w
loom wl
0006=N v i
0009=N o [P W
000£=N o  lgg; &
(N) Suo2103(3 Jo JequinN <
| -008 @

~ o[qissod

I SUOIOIUW PAIPUNY [BISASS

JO SI9joWRIp WBaq PUB SUOII[O

01-,01 Sururejuoos sasynd

uoxo3[e puosassoord-qns ‘su ¢
ro718q 1doy st owmy uonededoxd Jy .

‘2w uI Jno speaids

- uonnquysip a81eyd oY) Se JJ0
'S[9A9] Suruapeorq asind Jo 918y .

"SowIn AJIes

Je Suruapeoiq osind juspusdop
~-owmn oneipenb Apoeunxorddy .




"SSBUI 1SO1 UOI)O9[3 = WI pue ‘©8Ieyd UONIB[S = o
‘311 Jo peads = o ‘WBusjesem =y ¢ AJsudi = |

puod _ ‘Tenuajod

(wWr)/(I¢9) = "N
} . aAnowotapuod oY) uisn
Ho
na-=" A as|nd Jose] asuoul ue Yim osind
S w0 waonsg weog UOI)O3[d PUOOISOIWS] B 3)B[.LI0D

-55010 0} poytowt & asodord o .
‘9[qRIISOp
a1k ‘sas[nd 1ose] I0J pasn

14

spoyjow [eondo Jeauryuou o)
0} urye ‘uonezLloeIeyd asynd

T33O0

2:& JOSB

uoJ)03[e 10y sayoeordde maN .

dn)p Aepeasy

e - L
~ S J0 aanyrady | -

IS[NJ U0




JUSWRIOdXS UOTIORIJIP UOIIO9]S PUOIISOIUA]

B UL () = ], SUIUWLISISP 0] Pasn 9q 0s[e Ued SIy |, ‘de[10A0
osynd ot} JO 2INSBOW SAIIISULS € SBY SUO “WNUWITXEW
weaq paqinyiodun sy} Uo PaIoyued (UOHB[NIIS SA0qE

oy} ur opim wrl ¢) J1[s © 3N0Iy) JUSLIN0 WEsq U0III3[d
oy Sunmseow Ag “UONB[o1I00-55010 asTnd I9SB[-U0I09[0
ue wiojiad 0} UopoBISIUI sanjoworspuod oy Sursn

(sy) sesing usawag Aejeq
e e 0 i xr
u10d s[ppes 510 _
S00L - w— \ ./. 020 W
$005 e i Py
$100E —m , o @, =
00} —u— P . S
uogeng esnd uosoeg |/ a” e )w.
| .\\_. \ /../ . o
v M L , -0F0
e " “ r
(lods wrige Wupog TwW ‘Sio0r esind Jese) -

82104 SAIJOLLIOISPUO BIA UORBIBLIOD-SSOID) 35| J8SE-UolI00g

TUAWAINSBY

's1o10wered ssind pejenuurs

Y3 10§ s/w 000 0T Se Y3y

S8 9q Ued (UOT}ORIANUIL O} Io)JB)
SOIIIO0[OA UOIOS[O SSIOASURIT,
‘sosynd

0M) 3y} Jo uoneinp [eioduro)

sy 01 pue sesind uoxo9ye

pUE JOSB] 3} USaMIq AB[P ST} 0}
QAT)ISUSS ST wiayed , proty-1ey,, oy
ur jurod oppes ot Jo Y3y oy L

| ‘ueIssnen

Ia8uo] ou st ursyed ueaq
«PIoL-1e],, oy osind 1ose] Ajisusjul
U3TY & YNM 46 8 PoI0asIaul

- st asind uonos[s ueIssnen) e Jj
UOT)0BISIUT dATIOWOIapUOd

Jo uonenuIg o[re)-oIUoIA




All-optical electron pulse
duration measurement

Electron Density (AU)

Electron Density (AU)

1400 Electron Pulse 1
1 Duration 1200 " &
12004 T=0.1ns = .  _a H001 03ns = |
3, /B L] 13
1 AL A —=s00rs 1000- A AN
1000 - o Q/\E L/ é\: . = 800fs .,-/...\ : ’.“,‘.i
a.8 9 e \m FoEm
00 I 8001 AU
. L] 1 /I R
: 600 - /I : Y
600 - : ) : o - b
'\‘.‘f’f // w\ /"
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-100 -80 -60 -40 -20 0 20 40 60 80 100 -100 -80 -60 -40 -20 O 20 40 60 B0 100
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1000 1 .
T=05ns .. " 700 ] o o
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800 - ‘m = \ 600 - B
/'E-\.\ \-: ® /'-:n q 4 -/\. b
m " 500 - L LN
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400 Fs " P_.\ 300 m-\\,
1 W/ ' = 200 Chg
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1% " onSm o2 d "eRrnE
O4rrrEele FEEETEE T
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y-position (pm)

y-position (um)

Electron beam profile perpendicular to the plane of interaction at four times, T, after the interaction with the
laser pulse ponderomotive potential (N = 3000).
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N.onth_ermali Melting

Traditional Electron Relaxation (small perturbation limit)

v

‘ ve10% me

electrons in themmnal equifibrium hot electron diffusion

surface

& v< 104 ms

electrons and lattice in thermal equibrium thermal diffusion

At hiéh excited carrier densities the band structure is
affected. More electrons are in anti/bonding orbitals
and the lattice becomes “unbound”.

Examples: Mazur et al. For GaAs (e(w,t)); Guo et al. For
Al (e(w,t)); Wilson et al for Ge (laser x-ray diffraction)

*Hohlfield et al. Chem Phys., 251 237-258,(2000)



Evidence for Nonthermal Solid to Liquid
Phase Transitions

' ’ . 2
o ] _ : = Re(e) ;
. . S Im(g) ’

_ =50 —In ...... -.'-.... ............ ——— R o
E T,
g 350 :ooo ......................................................................................... 2 4mJ/cm ..........................
) ] ©Co00g0 0 5 o o] o
L e OSSOSO
5 ]
2 R T T
e (5 é 4 o é 10
50 Qe Oo.. .......................
L STV TN 6 BmJ/Cm ...... ST :
a S e e e ee et et e eeee s ( qul“dAl) ......................
,3-0 e S FEE N .l. FRSURORTRRIN - NSRS~ T
75 - T T T T T T T T T T 1
0 2 4 6 8 10
Delay (ps)

e Apparent melting (re: Im(g) and Re(g)) in less
than 1 ps = too fast to be thermal (C. Guo ef al.

PRL 84(19) 4493, 2000)

primary evidence from change in optical properties
‘that correlated to liquid state (Al only one example of
general phenomena) in less than thermahzaﬂon time

Q: How does a solid undergo disorder transition and
radial distribution function of liquid Wlthm 72101

collisional period?



Interband excitation in Al

- Parallel band structure of Al

Excitation of an estimated 15%

of the electrons into the conduction
band results in band structure
collapse and a structural phase
transition.



Femtosecond electron
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igh Fluence II (70

Str

nJd/cm2):
isordered State

cture of the D

Liquid-Like Diffraction Pattem
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Loss of Long Range Order: Emergence of a
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- ’,"SUmmary :

Fi 1rst femtosecond electron dlfﬁ‘aCUOH studles

* V(electron pulses <500 fs .... Approach 200 fs with
~ pulsed fields) = time resoluﬂon now good enough to

: follow tran51t10n state processes with atomlc N

Camem for z‘he Molecular Movze s wzthm

- reach |

: j"f;‘ |  1¢:1 ,y“f(,y‘ConCept of Electron Optlcs mtroduced for elect1 on |
- pulse characteﬂzatlon and mampulatlon (< 100 fS L
. pulses in hlgh number densmes) S

. Smgle Shot lefractlon capablhtles .

|  Fir st fuﬂy resolved Sohd to quUId phase
L | txansmon = (te{ Uve) lattice disorder does not

- seem to occur till thermahzaﬁ@n and phonon
~ heating. . extremely fast or d;er t@ disorder

Lo ‘transmon



